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Elements of Static Strength 


Hence, the stresses can be explicitly defined in terms of the unit deformations 
measured along the r, y, and z axes. This procedure yields 


„ F *'(S+ € *) + ( 1 " i ') e z 

(1 + v)(l — 2u) 

(1.17) 

n r 1 / ( e x+ e z) + ( 1 ~ iy ) e y 

' (l + i/)(l-2i/) 

(1.18) 

o F K^+e y ) + (l -u)e g 

(1+ */)(!- 2u) 

(1.19) 


When a cubic inch of material is stressed in tension along the three orthogonal 
axes, the unit elastic strain energy becomes 

u ' = Ie l 5 * + s » + s - ~ 2l/(s * s » + s « s - + s * s «)] ( L2 °) 

It is clear from Eqs. (1.8) and (1.9), and (1.14) to (1.16) that when a cube 
of material is elongated in a given direction, it is at the same time shortened by 
the Poisson’s ratio effect of one or two of components acting at right angles to the 
first. For the case of uniform compression acting along the three axes x, y, and 
2 , it is possible to calculate the unit decrease in volume caused by the hydrostatic 
compression. These considerations lead to the following expression for the bulk 
modulus [7]: 


K = 


E 

3(1 - 2 v) 


( 1 . 21 ) 


Formula (1.21) represents the ratio of the external pressure, acting on a sub¬ 
merged solid, to the amount of the relative change in volume of this solid. For 
instance, if the volumetric change is 0.001 in. 3 /in. of the material when the external 
pressure is 20,000 psi, the bulk modulus calculates to be 20,000/0.001 = 20,000,000 
psi. It may be of interest to note that for a perfectly brittle material exhibiting 
v = 0, K = E/3. However, for a plastic material with v approaching the theoret¬ 
ical limit of 0.5, the bulk modulus based on Eq. (1.21) becomes very large indeed. 
This corresponds to what is known as the incompressible feature of the material 
subjected to the triaxial compression. 


TRUE STRESSES AND STRAINS 

The ideal case of uniaxial tension is defined by Fig. 1.1. However, tests of relatively 
ductile materials show that as the load is increased the elongation tends to localize, 
forming a neck in the specimen where the failure eventually occurs. The engineering 
stress given by Eq. (1.1) is normally used for design purposes because it is convenient 
to base the external load on the original cross-sectional area. When it is required to 
better understand the actual behavior of the material stressed beyond the elastic 
limit, the concept of the true stress is introduced by dividing the force W by 



